Eggplant shoot and fruit borer (ESFB), Leucinodes orbonalis G. is a key pest of eggplant, Solanum melongena L. Organophosphates (OP) having high toxicity and persistence are used to control the pests in many developing countries, despite availability of new insecticides with better qualities. Field evaluation of thiacloprid and indoxacarb were carried out against ESFB, with an OP insecticide, methyl parathion. Two Bacillus thuriegensis (Bt) based formulations namely Biolep and PUSA Bt and two azadirachtin formulations namely Neem Seed Kernal Extract (NSKE) and Nimbo Bas were also evaluated against ESFB for the management of the pest. HPLC and GC methods for the estimation of indoxacarb, thiacloprid and methyl parathion from the fruits were developed and their dissipation patterns and safety parameters were compared. For indoxacarb, the method involving Florisil gave highest recovery (88%) whereas average recoveries of other methods varied from 59% to 82%. The mean initial deposits of indoxacarb on fruits were 2.60 mg/kg to 3.64 mg/kg and 2.63 mg/kg to 3.68 mg/kg from 75 and 150 g·ai/ha treatments from two-year field studies. The half-life of indoxacarb was 3.0 d -3.8 d from both years. The Theoretical Maximum Daily Intake (TMDI) was found to be 0.446 mg/person/day to 0.643 mg/person/day for day-1 residues which is in par with the Maximum Permissible Intake (MPI) of 0.6 mg/person/day. The TMDI from 3 d residues was found to be less than the MPI calculated with the data of 3 d residues which ensures better margin of safety. For thiacloprid, the method involving Florisil gave highest recovery (89%). The mean initial deposits of thiacloprid on fruits were 3.39 to 5.40 mg/kg and 3.40 to 5.39 mg/kg from 30 and 60 g·ai/ha treatments from both years. The half-life values were determined to be 11.1 and 11.6 d for both years. The TMDI from maximum residues observed for first day for both the treatments during first year trials was found to be 0.682 to 1.098 mg person/day, which was higher than the MPI of 0.72 mg/person/day, which proved that the application is toxic to humans. Thiacloprid at the experimented doses (30 and 60 g·ai/ha) was found not effective to manage ESFB and was not safe for human consumption after a waiting period of 3 days. For methyl parathion, the method involving Florisil gave highest average recovery (89%). The initial residues on fruits from recommended dose declined from 3.60 to 3.12 mg/kg in one day and 0.27 mg/kg in twentyfive days from 100 g·ai/ha. Similar pattern was observed with higher dose also. The dissipation rate constants were 0.123 and 0.140 for 100 and 200 g·ai/ha treatments, respectively. The half life values ranged from 6.0 to 7.4 days. Using dose (100 g·ai/ha), the residues reached safe level only after 20 days. A minimum gap of 20 days after the last application of the insecticide to the harvest is impractical for this crop. The efficacy of methyl parathion against ESFB was good at lower dose, but due to its toxic residue profile there is a high health risk. Biolep at both doses were not effective against ESFB, however PUSA Bt gave better control against ESFB at similar dose. NSKE was found effective against ESFB, however NimboBas found to be non-effective against ESFB.
Introduction
Eggplant is one of the important vegetables in India which contributes 9% of total vegetables in India [1] . It is a good source of nutrients, minerals, antioxidants, vitamins, dietary fiber and body building factors and proteins [2, 3] . The biggest threat to eggplant cultivation is the wide spread infestation of ESFB in India and it is difficult to control since the insect larvae harbor inside the plant tissue. The larval form causes maximum damage to the edible fruit [4] . The adult moth of ESFB lays eggs on the leaf and hatched larvae move into the fruits. It was hypothesized that contact insecticides can control and prevent hatched larvae getting entry into the fruits and shoots, whereas systemic insecticides can be effective in controlling early developmental stages of borer when it is inside the plant tissue. Therefore, there is a need to evaluate systemic as well as contact insecticide to control the pest. Thiacloprid (Bay YRC 2894) is used for foliar application with systemic properties and broad-spectrum efficacy against sucking and biting insects [5] [6] [7] [8] [9] [10] [11] . Thiacloprid selectively acts on the insect nervous system as an agonist of the nicotinic acetylcholine receptor (nAChR) [12] . Indoxacarb is a broad-spectrum, contact, low risk pesticide with low mammalian toxicity and a benign profile for avian and aquatic toxicity [13] [14] [15] [16] [17] [18] . It affects insects from direct exposure to spray droplets and through ingestion of treated foliage or fruit. Once absorbed, it kills by binding to a site on the sodium channel and blocking the flow of sodium ions and results in impaired nerve function, feeding cessation, paralysis, and death. Once indoxacarb is absorbed or ingested, feeding cessation occurs almost immediately even though it may take several days for the insect to die [19] . Along with these two, a commonly used OP insecticide, methyl parathion was also evaluated and its efficacy and residue behavior were compared with that of thiacloprid and indoxacarb. Methyl parathion is effective for controlling chewing and sucking insects in a wide range of crops, including cereals, fruit, vines, vegetables, ornamentals, cotton and field crops [20] . These chemicals have not been reported for managing ESFB of eggplant and there is no previous published work available on the residue behavior and persistence of these insecticides on eggplant fruits, we decided to study this aspect based on previous observations made about of efficacy of these insecticides.
The insecticides were applied systematically with a 14 day interval. To minimize the use of pesticides and in order to maintain a balanced natural enemy population, alternative approaches like cultural control, mechanical control and botanical insecticides were also used. Botanical pesticides like NSKE, Nimbo Bas TM (azadirachtin based formulation) and two Bt based bio-insecticides, namely PUSA Bt and Biolep TM were evaluated. The results of the study may be incorporated in IPM package for eggplant and may be able to reduce the cost of cultivation by reducing the quantity of pesticides which would be beneficial for both farmers as well as consumers.
Materials and Methods

HPLC Analyses
A Lachrom High Pressure Liquid Chromatography (HPLC) instrument equipped with quaternary pump, UV detector connected with auto-injector and a computer (model Hitachi) was used for analysis. The stationary phase consisted of Lichrosphere RP-18 packed in a stainless steel column (250 mm × 5 mm i.d.). Chromatogram was recorded in a Windows' NT based program. Operational parameters of HPLC for indoxacarb were given below. Mobile phase-aetonitrile: water (9:1); flow rate-0.5 mL·min -1
; λ max -213 nm; injection volume-10 µL; column and solvent temperature-ambient. Operational parameters for thiacloprid were, Mobile phase-acetonitrile: water (6:4 vv -1 ); flow rate-0.5 mL min -1 ; λ max -213 nm; injection volume-10 µL; column and solvent temperature-ambient.
Gas Chromatographic Analyses
A Hewlett Packard 5890, Series II gas chromatograph was used for the analysis equipped with HP-1, megabore column (methyl silicon gum, 10 m × 0.53 mm; 2.65 µm film thickness) and 63 Ni ECD detector. Oven, injection and detection temperatures were 250˚C, 250˚C and 300˚C, respectively. Carrier gas (Nitrogen) flow was 30 mL·min -1 . 
Insecticides, Chemicals and Supplies
Field Experiment
The studies on the dissipation of synthetic insecticides namely, indoxacarb, thiacloprid and methyl parathion on eggplant were carried out through field experiments during two consecutive seasons in 2004 and PUSA Bt were applied at two concentrations i.e., 1 and 2 kg·ha -1 for both the seasons. NSKE was applied at 5% and 10% for both the seasons. Nimbo Bas TM was applied at two concentrations i.e., 1 and 2 L·ha -1 for the two seasons. The insecticides were sprayed on the eggplant crop just after some fruits had set in. Fourteen days later, a second spray was given. The fluid rate was 500 L·ha -1 for both the sprays. All the treatments were in Randomized Block Design (RBD) and taken in three replicates including untreated control. Each insecticide was applied in separate eggplant plots and in each plot, four random plants were tagged and periodic observations were made to estimate percent fruit damage throughout the cropping season. The parameter observed was the hole made by ESFB larvae on the fruit. The observation included the damage in terms of number of fruits and weight of fruits.
Field Sample Collection
For determining dissipation of thiacloprid, indoxacarb and methyl parathion from the eggplant fruits and to assess dietary intake exposure and consumer risk, the a representative fruit samples (500 g) were collected on 0 d (1 h after insecticide application), 1, 3, 5, 7, 10, 15, 20 and 25 d from both the trials. The samples were stored in freezer and processed on the same day. The fruits were cut into small pieces, mixed and a sub sample of 50 g was taken for further analysis. Based on the results of the recovery experiments, the optimum conditions suited were adopted for the analysis of field samples as per the method of Jayakrishnan [22] . The efficiency of extraction, cleanup and determinative steps for synthetic insecticides were checked by recovery experiments after fortifying the eggplant fruits.
Recovery Experiment for Indoxacarb
Untreated eggplant fruits (50 g) were spiked separately with 5, 25 and 50 μg of indoxacarb and kept for 24 h. Fortified samples were homogenized, extracted with acetone, filtered, rotary evaporated and the extracts were subjected for partitioning with acetonitrile (10 mL, 3 times), so that the pesticide moved into it from aqueous remain. Sodium chloride (3 g) was added to avoid emulsion formation. Acetonitrile layer was collected and rotary evaporated and 20 mL of distilled water was added. This aqueous layer was liquid-liquid partitioned with hexane (25 mL, 3 times). The hexane layer was removed completely and residue was dissolved in a small quantity of ethyl acetate and cleaned up by column chromatography using Florisil (10 g) and elution with 75 mL of hexane: ethyl acetate mixture (9:1 vv -1 ). The cleaned extracts obtained after the above chromatographic separations were quantified by reverse phase HPLC after taking it in acetonitrile.
Recovery Experiment for Thiacloprid
Untreated eggplant fruits (50 g) were spiked separately with 5, 25 and 50 μg of thiacloprid and kept for 24 h before homogenization. Next day fortified samples were homogenized, extracted with 100 mL acetone, filtered through Whatman No. 1 filter paper and rotary evaporated at 40˚C to remove acetone. The extracts were first liquid-liquid partitioned with hexane (10 mL, 3 times) in a separatory funnel to remove interfering co-extractives and pigments. The liquid-liquid partitioning was redone using dichloromethane (25 mL, 3 times), which was rotary evaporated and residues were dissolved in 5 mL of ethyl acetate: cyclohexane solution (1:1 vv ). This organic extract was cleaned up by column chromatography using Florisil (10 g), sandwiched between two layers of sodium sulfate (2 g) in a glass column with 2 cm diameter. It was first eluted with 10 mL of ethyl acetate: cyclohexane solution (1:1 vv -1 ), followed by 50 mL of acetonitrile, which was collected and concentrated. The cleaned extract thus obtained after the above chromatographic separations were quantified by reverse phase HPLC.
Recovery Experiment for Methyl Parathion
Untreated eggplant fruits (chopped, 50 g) were spiked separately to get 0.1, 0.5 and 1.0 mg·kg -1 of methyl parathion on the fruit. The fortified samples were kept for 24 h. Extraction was done by blending in a mixer-blender for 2 minutes with 100 mL acetone. The contents were transferred into 250 mL conical flask. The jar was rinsed two times with acetone (2 × 40 mL) and transferred into the flasks. The flasks were agitated on a mechanical shaker for 30 minutes. The supernatant liquid was then filtered under suction though Whatman No. 1 filter paper using Buchner funnel. The pooled extracts were concentrated using rotary evaporator to a minimum volume by distilling out the acetone. The remainder was transferred to 250 mL separatory funnel and 100 mL saturated aqueous sodium chloride solution was added to the contents. Then 75 mL of hexane was added and the contents were shaken vigorously for 2 minutes with intermittent release of pressure. After partitioning the contents were allowed to stand for 5 minutes. The upper layer i.e. hexane was collected in a conical flask after passing through activated anhydrous sodium sulphate. The left over aqueous layer was again partitioned twice with hexane (2 × 50 mL) following the same procedure. The hexane layers were pooled and concentrated to dryness using rotary vacuum evaporator. The residues were dissolved in 10 mL hexane-acetone mixture (9:1). Cleaned glass columns (60 cm long × 2 cm i.d.) were plugged at the bottom with cotton followed by addition of 5 g anhydrous sodium sulphate. Ten gram activated alumina (neutral) was poured over the layer of anhydrous sodium sulphate. Columns were tapped gently to have even packing. This packing was topped by small amount of cotton to avoid the disturbance of the alumina layer during addition of the solvent in the column. These columns were pre-washed with 25 mL solvent mixture (hexane-acetone, 9:1, vv -1 ) to remove the impurities and the leachate was discarded. The concentrated extracts obtained from partitioning processes were poured quantitatively in the packed columns. The columns were eluted with 100 mL hexane: acetone mixture (9:1, vv -1 ) which was collected in 250 mL conical flasks. The rate of elution was 3 mL minute -1 . The eluate thus collected was evaporated to dryness at 40˚C in a round bottom flask with the help of a rotary evaporator. The remaining residue in the flask was dissolved in 5 mL hexane-acetone (9:1) mixture and transferred to 25 mL volumetric flasks and final volume was made up to the mark by using hexane-acetone (9:1) mixture for analysis by GLC.
Weather Data
During the period of the experiment in first year (2004) the minimum and maximum temperature varied between 13.3˚C and 28.1˚C respectively and mean relative humidity ranged from 58% -70%. No rainfall was reported during the experiment. During second year (2005) the minimum and maximum temperature varied between 14.2˚C and 29.3˚C, respectively and mean relative humidity ranged from 58% -68%. There was no rainfall reported during the experiment.
Statistical Analyses
All the treatments were in Randomized Block Design (RBD) and taken in three replicates including untreated control. The data was analyzed using Statistica (Stat Soft) and Minitab 14.
Results and Discussion
Dissipation of Indoxacarb
The method involving Florisil gave highest average recovery (88%) of the pesticide when compared to other methods where average recoveries varied from 59% to 82% (Table 1) . Highest recovery by Florisil (synthetic magnesium silicate) can be attributed to the fact that it is less reactive than alumina or silicagel in retaining the insecticide where as low recoveries on using charcoal were due to its high adsorptive power. The mean initial deposits of indoxacarb on eggplant fruits were 2.60 to 3.64 mg·kg -1 and 2.63 to 3.68 mg·kg -1 from 75 and 150 g·ai·ha -1 treatments from first and second year field trials, respectively (Tables 2 and 3). The reported concentration declined with time and reached non-detectable (<0.02 mg·kg -1 ) after 15 -20 days (Figure 1) . Residues dissipated with half-life of 3.0 -3.8 d from both first and second year sprays, respectively. There was no significant difference in dissipation pattern between the two rates of applications suggesting that the dissipation of indoxacarb was independent of the dose of insecticide. The residue concentration data fitted to a first order rate kinetics [23] and dissipation rate constants ranged from 0.090 and 0.133 for 75 and 150 g·ai·ha -1 treatments, respectively ( Table 8 ). The Theoretical Maximum Daily Intake (TMDI) for first year from maximum residues observed for first day for both the treatments was found to be 0.446 to 0.643 mg·person -1 ·day -1 which is near the Maximum Permissible Intake (MPI) of 0.6 mg·person -1 ·day -1 [24, 25] . The TMDI was calculated considering recommended consumption of vegetables as 200 g for leafy or fruit vegetables other than roots and tubers [26, 27] and MPI was calculated on the basis of ADI value of indoxacarb 0.01 mg·kg -1 body weight [28] and the average body weight of an average person was taken as 60 kg. Eggplant fruits are harvested frequently but first picking is intentionally done at least one d after the application of an insecticide. On the first day TMDI was more than MPI. The TMDI from 3 d residues was found to be less than the MPI (0.6 mg·person -1 ·day -1 ) calculated with the data of 3 d residues. This encompasses more margin of safety (MOS). In view of this a minimum of 3 d waiting period for harvest of fruits after insecticide application and processing is recommended to achieve maximum safety and minimum risk to consumers. Taking 0.5 mg·kg -1 MRL of indoxacarb on vegetables [28, 29] for eggplant, a practical waiting period can be proposed, which can be practiced by the farmers.
Dissipation of Thiacloprid
The method involving Florisil gave highest average recovery (89%) of the pesticide when compared to other adsorbents, where average recoveries varied from 61% to 83% (Table 1) . Neutral alumina and silicagel also gave satisfactory percent recoveries i.e., 83 and 80, respectively. The mean initial deposits of thiacloprid on eggplant fruits (Figure  2 ). Residues dissipated with half-life of 11.1 and 11.6 d from both first and second year sprays, respectively (Table 8). There was no significant difference in dissipation pattern between the two rates of applications suggesting that the dissipation of thiacloprid was not dependent on the dose of insecticide applied. The residue concentration data fitted to a first order rate kinetics [30] and the dissipation rate constants ranged from 0.117 and 0.199 for 30 and 60 g·ai·ha -1 treatments for both years. The TMDI from maximum residues observed for first day for both the treatments during first year trials was found to be 0.682 to 1.098 mg·person -1 ·day -1 which is not lower than the MPI of 0.72 mg·person -1 ·day -1 . The TMDI was calculated considering recommended consumption of vegetables as 200 g for leafy or fruit vegetables [26, 27] and MPI was calculated on the basis of ADI value of thiacloprid 0.012 mg·kg -1 body weight [29] and the average body weight of an average person was taken as 60 kg. Eggplant fruits are normally harvested frequently but first picking is intentionally done one to three day after the spray of an insecticide. Considering this, 3 d residues were also examined. The TMDI even from 3 d residues for recommended dose i.e. 30 g·ai·ha -1 was not found less than the MPI value. There is a need for higher MOS when thiacloprid is applied on eggplant in the recommended dose. In view of this, 3 d waiting period for harvest of fruits after insecticide application cannot be suggested unless the fruits are decontaminated before consumption. Taking 
Dissipation of Methyl Parathion
The method involving Florisil gave highest average recovery (89%) of the pesticide when compared to other methods where average recoveries varied from 62% to 87% (Table 1) . Neutral alumina and silica gel also gave satisfactory per cent recoveries i.e., 86 and 87, respecttively. The initial residues on eggplant fruits from recommended dose declined from 3.60 to 3.12 mg·kg -1 in one day and 0.27 mg·kg -1 in twenty five days from lower rates of treatment i.e. 100 g·ai·ha -1 ( Table 6) . Similarly in the case of 200 g·ai·ha -1 treatment, the initial deposits declined from 4.02 to 0.34 mg·kg -1 in 25 days, respecttively ( Table 7 ). The residue data exhibited similar pattern in second year also (Figure 3) . Here also, there was no significant difference in dissipation pattern among the two treatments suggesting that the dissipation was independent of initial concentration. The residue data of methyl parathion when plotted for log residues versus time, fitted to a first order rate kinetics Y= C -mX, where "Y" is the logarithmic deposition of methyl parathion on eggplant fruits at time zero, "m" is the dissipation rate constant/slope of the regression line and "X" is the time in days. The dissipation rate constants were 0.123 and 0.140 for 100 and 200 g·ai·ha -1 treatments, respectively and the half life values ranged from 6.0 to 7.4 days ( Table 8 ). The correlation coefficient values of -0.933 and -0.959 denotes that the data are significant. In the case of second year spray, the dissipation rate constants were 0.125 and 0.143, while the half life values were 6.02 and 7.39 days for 100 and 200 g·ai·ha -1 treatments, respectively and the values of correlation coefficient (-0.936 and -0.959) showed that the data is significant.
The MRL of methyl parathion on eggplant fruit is not available in India. However, FAO/WHO [34] has assigned 0.2 mg·kg -1 MRL on vegetable (Tomato). If this value is extended for eggplant, it would be seen ( Figure  3; Table 8 ) that the residues were safe after 20 days from application of lower dose (100 g·ai·ha -1 ). In the case of higher dose (200 g·ai·ha -1 ), the residues reached at a safe level after 25 days. Therefore, there should be a minimum gap of 20 days after the last application of the insecticide to the harvest, which is impractical. This emphasizes the importance of decontamination of fruits and vegetables. This pesticide gives effective control of pest but has adverse residue profile. The prescribed acceptable daily intake (ADI) for methyl parathion is 0.02 mg·kg -1 body weight. Considering the average body weight of an Indian as 60 kg, the maximum permissible intake (MPI) was calculated to be 1.2 mg·person -1 ·day -1 . The recommended vegetable in the balanced diet of an adult man is 200 g [26] .
Residue data on eggplant showed that maximum residues were found on zero day samples and TMRC was ) treatment therefore is not safe for plant protection practices on vegetables, which are harvested frequently and for human consumption of eggplant fruits, unless suitable decontamination practices are adopted [35] . The MRL value of the methyl parathion on eggplant is not fixed, the data generated may help in examining the national MRL values. If the TMRC was calculated based on 3 day contaminated sample, the actual intake will be much less than that of 0 day contaminated samples. Even this was not enough to ensure safety, as the pesticide is far more toxic (lower LD 50 ) to mammals than indoxacarb (LD 50 male rat 3619 mg·kg -1 ) or thiacloprid (LD 50 male rat 836 mg·kg -1 ) and affects cholinesterase activity irreversibly [36] .
Efficacy of Synthetic Insecticides
Indoxacarb. The per cent reduction on the weight and number basis of eggplant fruits showed almost similar effectiveness of indoxacarb treatments on ESFB population in both first year and second year ( Table 9) . Statistical analysis of the data showed that considering critical difference (CD) 5%, efficiency of double dose was not significantly different from that of the lower dose. The higher treatment rate i.e. 150 g·ai·ha -1 was marginally, but not statistically more effective and ESFB population could be controlled through out the experimental period even after 15 days from both the sprays. The data revealed better efficacy of indoxacarb against this insect even at lower dose and hence application of this insecticide at recommended dose could enhance the yield sig- ) was effective in managing ESFB and did not pose residue problem in fruits. A waiting period of 3 d for harvest of the fruits after insecticide application and processing factor (PF) could ensure desirable margin of safety (MOS) and hence no health risk situations are encountered from the use of this insecticide on eggplant crop.
Thiacloprid. The data on the per cent reduction on the weight and number basis of eggplant fruits showed almost similar action of thiacloprid treatments on ESFB population in both the years considering CD values, for both concentrations of application ( Table 9 ). Statistical analysis showed that there was only marginal advantage in applying the higher dose, but fruit damage was statistically significant in control plots as compared to those collected from treated plots at all doses in both years. It is clear from observations that thiacloprid is not effective enough for controlling ESFB in eggplant crop, although it could reduce the Eggplant leaf hopper, Amrasca devastans infestation. Thiacloprid at the experimented doses (30 and 60 g·ai·ha -1 ) was not effective in managing ESFB and was not safe for human consumption even after a waiting period of 3 days. A waiting period of 3 d for harvest of the fruits after insecticide application and PF could not ensure sufficient margin of safety (MOS). Health risk may be encountered from the use of this insecticide on eggplant crop. The study reiterates that new pesticides must be evaluated for safety, contrary to general belief that newer pesticides are safer to mammals and beneficial insects because they are effective at low dosages. No phytotoxicity was observed for 4× dose, i.e. 120 g·ai·ha -1 of thiacloprid in field. The yield data for treated plots were only marginally better i.e. 134.5 from treated plots to 125.2 quintal·ha -1 from untreated plots.
Methyl parathion. The data on the efficacy of methyl parathion at two treatment levels were evaluated based on the damaged fruit count by per cent weight and by per cent number. Although methyl parathion is not recommended in vegetables in India, farmers use this pesticide widely against ESFB. The data on the per cent reduction on the weight and number basis of eggplant fruits showed similar effect of methyl parathion treatments on ESFB population ( Table 9 ). The statistical analysis showed that 200 g·ai·ha -1 was more effective and the ESFB population was controlled through out the experimental period. The higher dose was not statistically more effective than the lower dose (100 g·ai·ha -1 ). The data revealed the efficacy of methyl parathion against ESFB even at lower dose, but since the residue profile study showed that methyl parathion residues are persistent on eggplant fruits above MRL (Figure 3; Table 8 ), there is health risk beyond doubt and the insecticide cannot be included in good agricultural practice for growing this crop.
Efficacy of Bio/Botanical Insecticides
Biolep. The data on the per cent reduction on the weight and number basis of eggplant fruits showed similar effect of Biolep treatments on ESFB population ( Table 9) . Analysis of data showed that both the doses were not statistically effective in managing ESFB.
PUSA Bt. The potency of the formulation was 50000 I.U. mg -1 minimum on a surrogate insect Helicoverpa armigera. The statistical analysis of data on the per cent reduction on the weight and number basis of eggplant fruits showed PUSA Bt was significantly effective on ESFB population ( Table 9 ). Both the doses were effective in controlling the pest and it was found that PUSA Bt gave better result in controlling the key pest when compared to Biolep. The higher treatment rate (2 kg formulation·ha -1 ) was slightly more effective when compared to 1 kg formulation·ha -1 dose.
NSKE.
The data on the per cent reduction on the weight and number basis of eggplant fruits showed that both doses of NSKE were significantly effective on ESFB ( Table 9 ). The higher treatment rate gave better control than 5% dose.
Nimbo Bas. The data on the per cent reduction on the weight and number basis of eggplant fruits showed no significant effect for both the doses of Nimbo Bas on ESFB ( Table 9 ).
Correlation of Seven Treatments and Control
In field, all seven treatments were not statistically significant (CD at 5% 12.93) from each other when compared to the yield from control (28 kg). It showed slightly higher yields for synthetic insecticides (mean weight 36 -38 kg) as compared to biopesticides (mean weight 25 -31 kg). Among synthetic insecticides, methyl parathion and thiacloprid were found to be of persistent nature and left toxic residue above maximum residue limit (MRL). Therefore taking second criteria of persistence along with the first criteria of yield, indoxacarb is the only treatment which can be applied after fruiting in eggplant crop. Once fruiting has begun, only bio-pesticides like Bt or NSKE should be recommended to avoid residue hazard and to manage ESFB. NSKE was found superior to Neem oil based Nimbo Bas against this pest. However, Nimbo Bas was found to be effective for some of the sucking pests. Similar yield recorded in control plots is due to contribution of cultural practices adopted for plant protection. This involved monitoring of holes on the tip of the branches, removal of the infected twig and burying them. Application of bio-insecticides (Biolep or PUSA Bt) or botanical insecticide (NSKE and Nimbo Bas) could improve the yield due to management of this and other pests like leaf hopper. Application of synthetic insecticides afforded maximum yield of 239 quintal·ha -1 verses 125 quintal·ha -1 realized from control plots subjected to only good agricultural practice of the region. From the results of this three-year research, an IPM package is being proposed for validation and refinement (Table 10 ). cloprid and methyl parathion from eggplant and their dissipation pattern were evaluated. The half lives of these synthetic insecticides were around 3, 11, 6 days, respectively ( Table 8 ). It was found that indoxacarb was effective against ESFB where as thiacloprid was not effective against this pest and left high residues on the fruits. Methyl parathion was found effective although it is not recommended against ESFB in eggplant in India, as it left toxic residue on the fruits. Methyl parathion and thiacloprid can be applied only before fruiting stage. Among the bio-pesticides PUSA Bt was found significantly effective than Biolep formulation. Also, NSKE was found significantly effective over Nimbo Bas formulation. There is a need for a new improved IPM package for the management of ESFB in India. The proposed IPM package needs to be refined and validated further.
